understood but is often linked to overuse injuries. 1, 10 Muscle imbalance between the hip adductor and rectus abdominus muscles leading to increased shear stress at the pubic symphysis can cause chronic groin pain and athletic pubalgia. 1, 10, 17, 19 Another common cause of groin pain in athletes is femoral acetabular impingement (FAI). 6, 21 Like athletic pubalgia, FAI has commonly been found in sports that require cutting, pivoting, and accelerating, as in soccer and football. 9, 24 FAI consists of 2 primary forms: pincer and cam lesions. Pincer lesions represent overcoverage of the femoral head by the acetabulum. This leads to abnormal contact between the femoral neck and the acetabular rim during activities. A cam lesion is an osteochondral bump present at the femoral head-neck junction leading to loss of normal femoral head-neck offset. The most common location for a cam lesion is the anterolateral aspect of the femoral head-neck junction. Cam lesions affect the anterosuperior chondrolabral junction, causing chondrolabral separation and often adjacent acetabular chondral delamination. 4 In the setting of a pincer lesion, the labrum is often injured, and cartilage injury is usually limited to a small strip of the cartilage adjacent to the labrum. Although both types of lesions may be present, cam lesions are seen more frequently in young male athletes. 4 In the past, athletic pubalgia and FAI were considered 2 independent problems causing groin pain in the athlete. Recent literature has shown that athletic pubalgia and FAI frequently coexist in athletes with chronic hip and groin pain. 16, 20 Recent studies have shown radiographic signs of FAI to be highly prevalent in high-level athletes. 9, 12 Although an association between the 2 conditions has been mentioned, no study has specifically determined the radiographic prevalence of FAI in patients treated for athletic pubalgia. The purpose of this study was to determine the prevalence of radiographic signs of FAI in patients with surgically proven athletic pubalgia to help build a foundation in understanding the relationship between FAI and athletic pubalgia.
Methods

Participant Selection
A retrospective review of all patients followed at our institution after athletic pubalgia surgical repair between 1999 and 2011 was performed. Internal review board approval from our institutional review committee was obtained for this study. Each patient's record was reviewed to identify demographic information and determine the available imaging studies. Patients were included if they had undergone athletic pubalgia surgery and had appropriate imaging that allowed us to evaluate radiographic evidence of FAI. In addition, the patient's preoperative physical examination was reviewed for signs of impingement, including decreased hip internal rotation with the hip flexed and adducted.
Radiographic Evaluation
Cam lesions were identified by measuring the alpha angle on the frog-leg lateral radiographs. 5 The alpha angle on the frog-leg lateral films was measured by drawing a best-fit circle around the femoral head. The point where the femoral head deviated away from this best-fit circle was marked, and a line was drawn from the center of the circle to this point on the perfect circle. The angle was measured between the longitudinal axis of the femoral neck and the line connecting the center of the circle to the point where the head deviates from the best-fit circle (Figure 1 ). An alpha angle measuring 55° or greater was considered radiographic evidence of a cam FAI.
2,3 Acetabular overcoverage was determined by measuring the lateral center-edge angle (CEA) and identifying a "crossover" sign on plain anteroposterior views of the hip. The lateral CEA was formed by a line connecting the lateral edge of the acetabulum with the center of the femoral head and a line perpendicular to that connecting the ischial tuberosities ( Figure  2) . A lateral CEA of 40° or more was consistent with a pincer Figure 1 . Frog-leg lateral radiograph of a patient with a cam lesion. The alpha angle is measured by drawing a perfect circle around the femoral head and identifying the point where the contour of the femoral head leaves this circle. A line is drawn down the center of the femoral neck and through the center of the perfect circle. A second line is drawn through the center of the circle and through the point where the femoral head leaves the perfect circle. The angle between these 2 lines represents the alpha angle. An angle greater than 55° was considered radiographic evidence of a cam lesion. lesion and, therefore, FAI. 25 A crossover sign was also identified on the anteroposterior radiographs. The anterior and posterior acetabular walls were outlined ( Figure 3 ). The crossover sign, consistent with a pincer lesion, is the extension of the anterior wall lateral to the posterior wall.
Telephone Follow-up
Two years or more after athletic pubalgia surgery, patients underwent a phone interview. The data collected from the phone follow-up included current visual analog scale and Tegner activity scores, ability to return to sport, time to return to sport and work, time to feeling "normal," and recurrent symptoms.
Statistical Analysis
The data are presented as means and standard deviations. Data that were normally distributed were tested using the unpaired Student t test and analysis of variance. For data not normally distributed, a Mann-Whitney U test was used to compare the 2 surgical groups. The chi-square test was used to compare binary data. A test was considered statistically significant if the P value was 0.05 or less.
Results
Demographics
Fifty-three patients underwent surgical treatment for their athletic pubalgia and were followed at our institution from 1999 to 2011. A total of 43 patients (81%) with 56 sports hernias had appropriate imaging to evaluate for FAI and were included in the study. The 10 patients excluded from the study did not have imaging available to review (4 patients) nor had imaging limited to sonography of the groin (6 patients) that did not allow evaluation of FAI. Anteroposterior and frog-leg lateral Figure 2 . Anteroposterior radiograph of a male athlete with elevated lateral center-edge angle. The lateral centeredge angle was formed by a line connecting the lateral edge of the acetabulum with the center of the femoral head and a line perpendicular to that connecting the ischial tuberosities. A lateral center-edge angle of greater than 40° is typically considered to represent acetabular overcoverage consistent with a pincer lesion. Figure 3 . Anteroposterior view of a left hip in a patient with a crossover sign. The anterior wall of the acetabulum is outlined in red, while the posterior acetabular wall is outlined in blue. In a hip with typical anteversion, the outline of the anterior wall will remain medial to the outline of the posterior wall. In this patient with acetabular retroversion, the outline of the posterior wall crosses medial to the outline of the anterior wall. This is referred to as the crossover sign.
radiographs were available for all included patients. The study consisted of 42 male patients and 1 female patient. The mean age was 22.3 years (range, 17-46 years). The study included 34 collegiate athletes, 3 high school athletes, 2 competitive club athletes, 3 recreational athletes, and 1 collegiate soccer coach who was a former player (Table 1) .
Radiographic Findings
At least 1 radiographic sign of FAI was identified in 37 of 43 patients (86%) (Figure 4) . The mean lateral CEA of the hips was 35.2° ± 7.6°. A lateral CEA of greater than 40° was present in 4 patients (9%) ( Table 2) .
Clinical Outcome
Of the 43 patients, 28 (65%) were 2 or more years from their primary athletic pubalgia surgery and underwent telephone follow-up, performed at an average of 40 months (range, 24-119 months) from surgery. Of the 28 patients interviewed, 27 (96%) had occasional groin pain that was not present on a daily basis. One patient reported on-and-off groin pain, but his pain did not occur on a daily basis. No patients were taking pain medications to control groin pain. Of the 28 patients available, 22 (79%) were able to return to sports after their surgery. The average time to return to sports was 9.9 ± 6.8 weeks. At the time of follow-up, the average visual analog scale score was 1.3 (range, 0-6). Eighty-six percent (24 of 28) of patients were satisfied with their surgery at the time of follow-up.
Eight patients developed recurrent groin pain in the ipsilateral groin following surgery. Three patients had revision athletic pubalgia surgery on the ipsilateral side because of recurrent pain. Seven of the 8 patients had pelvic MRI available for review. Six of 7 patients had chondrolabral separation (85%). Three patients had labral tears (43%). One developed symptomatic hip pain on the same side as his previous athletic pubalgia surgery. He underwent intra-articular injection to the hip, which resolved his pain, and he elected to undergo hip arthroscopy with pincer resection, labral repair, and femoral osteochondroplasty; his pain resolved following arthroscopy.
The average alpha angle of patients with recurrent groin pain after athletic pubalgia surgery was 75.2° ± 18.5°, while the average alpha angle in patients without recurrent groin pain was 64.7° ± 17.3° (P = 0.03). Six of the 8 patients (75%) with recurrent groin pain had pincer lesions, while 6 of the 35 patients (17%) without recurrent groin pain had pincer lesions (P = 0.02). Sixty-three percent (5 of 8) of patients with recurrent groin pain after surgery had preoperative impingement signs, compared with 31% (11 of 35) of patients without recurrent groin pain (P = 0.15). discussion Eighty-six percent of patients in this cohort with athletic pubalgia had at least 1 radiographic sign of FAI. FAI is associated with groin pain. Ninety-four percent of a patient population with long-standing adductor-related groin pain had radiographic evidence of FAI. 24 There is also an association between decreased hip range of motion and chronic groin pain. 22, 23 This study describes the prevalence of radiographic FAI in patients with surgically proven athletic pubalgia.
The prevalence of radiographic FAI in this study is consistent with the rate of radiographic FAI in high-level athletes. 9, 12 In 67 Division I football players, the prevalence of FAI based on anteroposterior and frog-leg lateral radiographs was 95% of the 134 hips with a cam or pincer impingement or 77% with 2 or more radiographic findings of FAI. 12 In elite male professional soccer players, FAI was found in 72%. 9 Cam lesions were present in 68%, while pincer lesions were present in 27%. These findings were similar to our findings of 77% with cam Figure 4 . Alpha angle of each hip in the study. Thirteen patients had alpha angles between 60° and 64°, making this range the most common in our study. lesions and 30% with pincer lesions in our cohort of athletes treated for sports hernias. Thirty-seven percent of the patients in this study had preoperative findings of FAI. In these patients, the athletic pubalgia was treated surgically since the symptoms of pain with coughing or sneezing and resisted sit-up with the Valsalva maneuver were the primary complaint. As expected, cam lesions and pincer lesions were both significantly associated with the presence of preoperative impingement signs, with P values of 0.02 and <0.01, respectively (Table 3) . Although it did not reach statistical significance, 63% of patients with recurrent symptoms had preoperative signs of anterior impingement, compared with 31% of patients without signs of impingement. The reason for the lack of significance was probably related to the small sample size of 16 patients with preoperative signs of impingement. Of the 5 patients with preoperative impingement signs and recurrent groin pain, 2 had revision hernia repair, and 1 underwent arthroscopic pincer resection, labral repair, and cam resection. In the group without preoperative impingement symptoms, only 3 (11%) developed recurrent symptoms, with 1 of these patients undergoing revision athletic pubalgia surgery. An association was also found between radiographic signs of FAI and the development of recurrent symptoms after athletic pubalgia surgery. The mean alpha angle of patients with recurrent groin pain was 75.2°, which was significantly greater than that of patients without recurrent groin pain, which measured 64.7°. The presence of a pincer lesion was also associated with the development of recurrent groin pain after athletic pubalgia surgery. Pincer lesions were present in 75% of patients with recurrent groin pain after athletic pubalgia surgery, compared with 17% of patients without recurrent pain having pincer lesions. In the 8 patients with recurrent groin pain after athletic pubalgia surgery, 7 had MRI available for review. Intra-articular pathology was identified in each patient, including 6 with chondral-labral separation and 3 with labral tears. These intraarticular lesions could be the source of recurrent pain after the index athletic pubalgia surgery. Only 1 patient had enough pain to undergo intra-articular injection, which did resolve the patient's pain for several weeks.
Larson et al reviewed 37 hips in 31 patients presenting with both intra-articular injuries (eg, labral tears and/or chondral injuries) and athletic pubalgia. 16 Sixteen patients were initially treated with athletic pubalgia surgery. Four (25%) were able to return to sports, while 11 eventually required hip arthroscopy for continued intra-articular pain. Alternatively, 8 patients underwent hip arthroscopy as an index procedure, with 4 (50%) returning to sports uninhibited by pain. Thirteen patients underwent hip arthroscopy and athletic pubalgia surgery concomitantly. Of 13 patients undergoing concomitant surgery, 11 were able to return to sports without continued pain. Concurrent or eventual hip arthroscopy and athletic pubalgia surgery improved outcome scores and unrestricted return to sport in 89% of hips with associated intra-articular pathology and athletic pubalgia. Preoperative impingement signs may be a predictor of poor outcome after sports hernia repair alone.
The correlation between sports hernias and FAI points toward a relationship between cam lesions and the kinematics of the hip and pelvis.
14 This study found a significantly lower peak hip abduction, frontal plane range of motion, and attenuated pelvic frontal range of motion in patients with cam lesions. There is an association between decreased hip range of motion and adductor injuries in soccer players. 11 The decreased range of motion of the hip may lead to increased demand on extra-articular structures, such as the pubic symphysis. Repetitive loading of the pubic symphysis may cause breakdown of the pubic symphysis, leading to reduced mechanical stability and pelvic instability. 8 The decreased pelvic stability may stress the surrounding musculature and tear the tendinous insertions.
The major limitation of this review is its retrospective nature. The clinical diagnosis of FAI was made by the patients' subjective complaints and physical examinations recorded in their records. Another limitation was that the radiographs were reviewed by only 1 orthopaedic surgeon, which limits interobserver reliability.
conclusion
The prevalence of FAI radiographic signs in athletes treated surgically for athletic pubalgia was 86%. Athletes with underlying FAI may be more prone to develop chronic groin pain and athletic pubalgia. Preoperative signs of impingement are a predictor for poor outcome after surgical repair of athletic pubalgia. FAI may be a cause of continued groin pain after surgery for athletic pubalgia. Patients with athletic pubalgia should be evaluated closely for the presence of FAI.
